A 27-year-old man presented to our emergency department (ED) in the evening, having become increasingly agitated and violent after returning home. After being brought to the ED by the police and paramedics, it was suggested to us by a friend that he had taken gamma-hydroxybutyrate (GHB) several hours previously.
On arrival in the ED, the patient was aggressive and agitated. His Glasgow coma score was fluctuant between 3 and 13/15. A rapid sequence induction procedure using etomidate and suxamethonium was performed, continuous paralysis and sedation was provided with atracurium and an infusion of propofol, and a left radial artery catheter was placed. The electrocardiogram showed sinus rhythm at a rate of 125, and a chest X-ray, brain computed tomography and routine blood work were unremarkable. During the patient's 2-h stay in the ED prior to transfer to the intensive care unit, it was noticed that he underwent 1-2 min cyclical increases in his heart rate from 90 up to 130 beats per minute. During this increasing tachycardia, systolic blood pressure increased from around 95 to 135 mmHg and mean arterial blood pressure from 90 to 130 mmHg. Once the tachycardia and hypertension had peaked, it suddenly returned to the previous lower readings, and over the course of the next minute would again steadily increase ( Fig. 1 ). While the patient was obviously agitated on arrival, other symptoms of increased sympathetic activity were not noted during his clinical course. Despite a left arm stab wound 2 years before, the patient had no other medical problems and was on no medication.
The patient remained in intensive care overnight and was extubated the following morning without complications. His paroxysmal sympathetic storming continued for several hours in intensive care but had settled by morning. He stated that he had taken GHB 1 h before he had arrived in hospital and denied any other recent illicit or prescribed drug or alcohol abuse. After psychiatric assessment, he was discharged home later that day.
Discussion
GHB is a naturally occurring compound similar in structure to the g-amino butyric acid (GABA) neurotransmitter. It was first synthesized in 1960 as an anaesthetic and re-emerged in the 1980s as a body building supplement. It is now banned, but is used recreationally in the dance scene. GHB is found at high levels in the basal ganglia and other areas of the brain, and has multiple binding sites where it binds to GABA-B receptors inhibiting noradrenaline release and mediating the release of an opiate-like substance in the striatum. It is also associated with a biphasic dopamine response, increasing release at higher doses and inhibiting release at lower doses. The clinical effects of GHB are central nervous system depression with myotonic jerks and respiratory depression. Cardiovascular effects that have been noted include bradycardia, hypotension, reduced systemic vascular resistance, pain-induced tachycardia and hypertension, and possibly an antidysrhythmic effect. Paroxysmal sympathetic storming (PSS) has not been previously noted.
After an acute insult to the body, an immediate sympathetic surge provides a rapid response to react to injury. This 'fight, flight, fright' phenomenon manifests as hypertension, hyperthermia, pupillary dilatation, tachycardia, cardiac arrhythmias, diaphoresis, glucose release and an increased basal metabolic rate. Some individuals suffering severe traumatic brain injury have demonstrated an episodic exaggerated stress response, or PSS. This was first described in 1929 by Penfield [1] , who hypothesized that it was caused by eleptiform discharges in the 0969-9546 c 2006 Lippincott Williams & Wilkins thalamic nuclei, leading him to coin the phrase diencephalic autonomic seizures. Many other terms have been used to describe this phenomenon including central dysregulation, tonic decerebrate spasms, tonic cerebellar fits, sympathoadrenal response, decerebrate rigidity, diencephalic seizures, autonomic dysfunction syndrome, traumatic apallic syndrome, paroxysmal sympathetic storms, dysautonomia, storming and autonomic dysfunction syndrome [2] .
PSS is most commonly associated with traumatic brain injury although it can be caused by injury or pressure created by tumours, hydrocephalus or subarachnoid haemorrhage. Of the individuals who suffer severe traumatic brain injury, 15-33% will demonstrate storming, which tends to be associated with poor neurological function and is thought to be a poor prognostic indicator [3] .
PSS has also been associated with cataract surgery, cerebrovascular accidents, scorpion evonomation, spinal cord injury and fenfluramine-phentermine overdose [4] . PSS during GHB overdose has not previously been described. We acknowledge that there are several reservations in this case. Unfortunately a toxicology screen was not performed. Except for the patient's history and examination findings, we have no other objective evidence of GHB ingestion or that other substances were not misused. There is however, only one report of PSS in overdose of any type [4] , specifically PSS has not been reported with any other substances of abuse. Given the rarity of PSS in overdose, it is likely that the reaction is an idiosyncratic one and not dose related.
The mechanism by which PSS occurs is not clear. Theories suggested include loss of cortical control over autonomic function, loss of physiological regulatory mechanisms, disinhibitory control of sympathetic outflow, disruption of the autonomic relay system and dysregulation of the autonomic nervous system. In a normal state, the parasympathetic system would respond to increased sympathetic activity by providing a compensatory inhibitory response returning the body to the normal homeostatic state. In storming, there appears to be an exaggeration of the sympathetic response with a diminished parasympathetic response, or alteration in the interplay between the two systems.
Numerous sites of dysfunction have been speculated, including the upper brain stem and diencephalon, brain stem, orbital frontal cortex, and more specifically the anterior hypothalamus or medulla. A consistent location of the injury has not been demonstrated on computed tomography or magnetic resonance imaging, and there have been several case reports of individuals with diffuse axonal injury on magnetic resonance imaging who exhibited storming. Electroencephalogram testing has not demonstrated seizure activity during episodes. Pulse and blood pressure trends over a typical 15 min period recorded from the patient in the emergency department. The cyclical increases in pulse rate and invasive systolic, mean and diastolic blood pressures are characteristic of paroxysmal sympathetic storming. BPM, beats per minute; SBP, systolic blood pressure; MBP, mean blood pressure; DBP, diastolic blood pressure.
